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(57) ABSTRACT 

A dual inline memory module (DIMM) includes a card 
having a length of about 151.2 to about 151.5 millimeters, 
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a pluality of individual local memory devices attached to the 
card, and a bulTer device attached to the card, the bulTer 
device con?gured for converting a packetiZed memory inter 
face. The card includes at least 276 pins con?gured thereon. 
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276-PIN BUFFERED MEMORY MODULE WITH 
ENHANCED FAULT TOLERANCE 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional application of US. 
Ser. No. 10/903,371 ?led Jul. 30, 2004, the contents of 
Which are incorporated by reference herein in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] The invention relates to computer memory sub 
systems and, more particularly, to a buffered memory mod 
ule having enhanced fault tolerance. 

[0003] Computer memory subsystems have evolved over 
the years, but continue to retain many consistent attributes. 
Computer memory subsystems from the early 1980’s, such 
as the one disclosed in US. Pat. No. 4,475,194 to LeVallee 
et al, of common assignment hereWith, included a memory 
controller, a memory assembly (contemporarily called a 
basic storage module (BSM) by the inventors) With array 
devices, buffers, terminators and ancillary timing and con 
trol functions, as Well as several point-to-point busses to 
permit each memory assembly to communicate With the 
memory controller via its oWn point-to-point address and 
data bus. FIG. 1 depicts an example of this early 1980 
computer memory subsystem With tWo BSMs, a memory 
controller, a maintenance console, and point-to-point 
address and data busses connecting the BSMs and the 
memory controller. 

[0004] FIG. 2, from US. Pat. No. 5,513,135 to Dell et al, 
of common assignment hereWith, depicts an early synchro 
nous memory module, Which includes synchronous dynamic 
random access memories (DRAMs) 8, buffer devices 12, an 
optimiZed pinout, an interconnect and a capacitive decou 
pling method to facilitate operation. The patent also 
describes the use of clock re-drive on the module, using such 
devices as phase lock loops (PLLs). 

[0005] FIG. 3, from US. Pat. No. 6,510,100 to Grundon et 
al, of common assignment hereWith, depicts a simpli?ed 
diagram and description of a memory subsystem 10 that 
includes up to four registered dual inline memory modules 
(DIMMs) 40 on a traditional multi-drop stub bus channel. 
The subsystem includes a memory controller 20, an external 
clock buffer 30, registered DIMMs 40, address bus 50, 
control bus 60 and a data bus 70 With terminators 95 on the 
address bus 50 and data bus 70. 

[0006] FIG. 4 depicts a 1990’s memory subsystem Which 
evolved from the structure in FIG. 1 and included a memory 
controller 402, one or more high-speed point-to-point chan 
nels 404, each connected to a bus-to-bus converter chip 406, 
and each having a synchronous memory interface 408 that 
enables connection to one or more registered DIMMs 410. 
In this implementation, the high-speed, point-to-point chan 
nel 404 operated at tWice the DRAM data rate, alloWing the 
bus-to-bus converter chip 406 to operate one or tWo regis 
tered DIMM memory channels at the full DRAM data rate. 
Each registered DIMM included a PLL, registers, DRAMs, 
an electrically erasable programmable read-only memory 
(EEPROM) and terminators, in addition to other passive 
components. 

[0007] As shoWn in FIG. 5, memory subsystems Were 
often constricted With a memory controller connected either 
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to a single memory module, or to tWo or more memory 
modules interconnected on a ‘stub’ bus. FIG. 5 is a simpli 
?ed example of a multi-drop stub bus memory structure, 
similar to the one shoWn in FIG. 3. This structure offers a 
reasonable trade-off betWeen cost, performance, reliability 
and upgrade capability, but has inherent limits on the num 
ber of modules that may be attached to the stub bus. The 
limit on the number of modules that may be attached to the 
stub bus is directly related to the data rate of the information 
transferred over the bus. As data rates increase, the number 
and length of the stubs must be reduced to ensure robust 
memory operation. Increasing the speed of the bus generally 
results in a reduction in modules on the bus, With the optimal 
electrical interface being one in Which a single module is 
directly connected to a single controller, or a point-to-point 
interface With feW, if any, stubs that Will result in re?ections 
and impedance discontinuities. As most memory modules 
are sixty-four or seventy-tWo bits in data Width, this struc 
ture also requires a large number of pins to transfer address, 
command, and data. One hundred and tWenty pins are 
identi?ed in FIG. 5 as being a representative pincount. 

[0008] FIG. 6, from US. Pat. No. 4,723,120 to Petty, of 
common assignment hereWith, is related to the application 
of a daisy chain structure in a multipoint communication 
structure that Would otherWise require multiple ports, each 
connected via point-to-point interfaces to separate devices. 
By adopting a daisy chain structure, the controlling station 
call be produced With feWer ports (or channels), and each 
device on the channel can utiliZe standard upstream and 
doWnstream protocols, independent of their location in the 
daisy chain structure. 

[0009] FIG. 7 represents a daisy chained memory bus, 
implemented consistent With the teachings in US. Pat. No. 
4,723,120. The memory controller is connected to a memory 
bus 315, Which further connects to module 31011. The 
information on bus 315 is re-driven by the buffer on module 
31011 to the next module, 310b, Which further re-drives the 
bus 315 to module positions denoted as 31011. Each module 
310a includes a DRAM 311a and a buffer 32011. The bus 315 
may be described as having a daisy chain structure, With 
each bus being point-to-point in nature. 

[0010] As neW systems emerge Which offer enhanced 
performance, improved reliability and/or reduced poWer 
consumption, customers Will often replace existing systems 
With these neW systems. To reduce total purchase cost, 
hoWever, many may Wish to re-use many or all of their 
storage devices in the neW system4often in conjunction 
With the neW storage technology of that system, in order to 
take advantage of the increased speed and density. At the 
same time, it is also desirable to be able to provide the 
high-speed, high-density storage capability in a reliable 
maimer that is resistant to faults such as pin discontinuity, 
single points-of-failure, and other related faults, as Well as 
supporting increased DRAM body Widths therein. 

BRIEF SUMMARY OF THE INVENTION 

[0011] Exemplary embodiments of the present invention 
include a dual inline memory module (DIMM) including a 
card having a length of about 151.2 to about 151.5 milli 
meters, a plurality of individual local memory devices 
attached to the card, and a buffer device attached to the card, 
the buffer device con?gured for converting a packetiZed 
memory interface. The card includes at least 276 pins 
con?gured thereon. 
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[0012] Further exemplary embodiments include a dual 
inline memory module (DIMM), including a card having a 
length of about 151.35 millimeters, a plurality of individual 
local memory devices attached to the card, and a buffer 
device attached to the card. The buffer device is con?gured 
to re-drive information to one or more external memory 

modules in a cascaded manner, and at least one positioning 
key is formed on the card. 

[0013] Further exemplary embodiments include a com 
puter memory system, including a memory controller 
device, a ?rst dual inline memory module (DIMM) coupled 
to the memory controller device through a set of at least tWo 
single-ended busses, the ?rst DIMM including a card having 
a length of about 151.2 to about 151.5 millimeters, a 
plurality of individual local memory devices attached to the 
card, and a buffer device attached to the card. The buffer 
device is con?gured for converting a packetiZed memory 
interface. En-or code connection (ECC) logic is further 
included for identifying and correcting bus faults, and a set 
of at least tWo high-speed busses connects the ?rst DIMM to 
at least one of the memory controller device and a second 
DIMM. 

[0014] Additional exemplary embodiments include a com 
puter memory system, including a dual inline memory 
module (DIMM) including a card having a length of about 
151.2 to about 151.5 millimeters, a plurality of individual 
local memory devices attached to the card, and a buffer 
device attached to the card, the buffer device con?gured for 
converting a packetiZed memory interface. A plurality of 
high-speed busses are in communication With the DIMM for 
implementing a cascade connection to upstream and doWn 
stream devices With respect to the DIMM. The DIMM 
further includes a plurality of high-speed bus interface pins 
arranged on the card, such that for a given high-speed bus, 
a ?rst portion of the high-speed bus interface pins associated 
thereWith is located one side of the card, With respect to a 
midpoint of the length, and a second portion of said high 
speed bus interface pins associated thereWith is located on 
the opposite side of the card, With respect to the midpoint. 

[0015] Additional exemplary embodiments include a dual 
inline memory module (DIMM), including a card having a 
length of about 151.2 to about 151.5 millimeters, a plurality 
of individual local memory devices attached to the card, and 
a buffer device attached to the card, the buffer device 
con?gured for converting a packetiZed memory interface. 
The card includes at least 276 pins con?gured thereon, 
Wherein a ?rst portion of the pins is con?gured to operate at 
a ?rst supply voltage, and a second portion of the pins is 
con?gured to operate at a second supply voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Referring noW to the draWings Wherein like ele 
ments are numbered alike in the several FIGURES: 

[0017] FIG. 1 depicts a prior art memory controller con 
nected to tWo bu?‘ered memory assemblies via separate 
point-to-point links; 

[0018] FIG. 2 depicts a prior art synchronous memory 
module With a buffer device; 

[0019] FIG. 3 depicts a prior art memory subsystem using 
registered DIMMs; 
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[0020] FIG. 4 depicts a prior art memory subsystem With 
point-to-point channels, registered DIMMs, and a 2:1 bus 
speed multiplier 
[0021] FIG. 5 depicts a prior art memory structure that 
utiliZes a multidrop memory ‘stub’ bus; 

[0022] FIG. 6 depicts a prior art daisy chain structure in a 
multipoint communication structure that Would otherWise 
require multiple ports; 

[0023] FIG. 7 depicts a prior art daisy chain connection 
betWeen a memory controller and memory modules; 

[0024] FIG. 8 depicts a cascaded memory structure that is 
utiliZed by exemplary embodiments of the present invention; 

[0025] FIG. 9 depicts a memory structure With cascaded 
memory modules and unidirectional busses that is utiliZed 
by exemplary embodiments of the present invention; 

[0026] FIG. 10 is a front vieW of a 276-pin, bu?‘ered 
memory module (DIMM) that is utiliZed by exemplary 
embodiments of the present invention; 

[0027] FIG. 11 is a block diagram of a multi-mode bulfer 
device high level logic ?oW as utiliZed by exemplary 
embodiments of the present invention; 

[0028] FIG. 12 is a table that includes typical applications 
and operating modes of exemplary bulfer devices; 

[0029] FIG. 13 is a simpli?ed block diagram of a buffered 
DIMM produced With a multi-mode bulfer device that may 
be utiliZed by exemplary embodiments of the present inven 
tion; 
[0030] FIG. 14 is a simpli?ed block diagram of a buffered 
DIMM produced With a multi-mode bulfer device that may 
be utiliZed by exemplary embodiments of the present inven 
tion; and 

[0031] FIG. 15 is a table illustrating a functional pin layout 
of the exemplary 276-pin DIMM of FIG. 10, in accordance 
With a further embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0032] Exemplary embodiments of the present invention 
include a ?exible, high-speed and high reliability memory 
system architecture and interconnect structure that includes 
a single-ended point-to-point interconnection betWeen any 
tWo high-speed communication interfaces. The memory 
subsystem may be implemented in one of several structures, 
depending on desired attributes such as reliability, perfor 
mance, density, space, cost, component re-use and other 
elements. A bus-to-bus converter chip enables this ?exibility 
through the inclusion of multiple, selectable memory inter 
face modes. This maximiZes the ?exibility of the system 
designers in de?ning optimal solutions for each installation, 
While minimiZing product development costs and maximiz 
ing economies of scale through the use of a common device. 
In addition, exemplary embodiments of the present inven 
tion provide a migration path that alloWs an installation to 
implement a mix of bu?‘ered memory modules and unbuf 
fered and/or registered memory modules from a common 
bulfer device. 

[0033] Memory subsystems may utiliZe a buffer device to 
support bu?‘ered memory modules (directly connected to a 
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memory controller via a packetiZed, multi-transfer interface 
With enhanced reliability features) and/or existing unbuf 
fered or registered memory modules (in conjunction With the 
identical bulfer device, on an equivalent but, programmed to 
operate in a manner consistent With the memory interface 
de?ned for those module types). A memory subsystem may 
communicate With bu?fered memory modules at one speed 
and With unbu?fered and registered memory modules at 
another speed (typically a sloWer speed). Many attributes 
associated With the bu?fered module structure are main 
tained, including the enhanced high-speed bus error detec 
tion and connection features and the memory cascade func 
tion. However, overall performance may be reduced When 
communicating With most registered and unbulfered 
DIMMs due to the net topologies and loadings associated 
With them. 

[0034] FIG. 8 depicts a cascaded memory structure that 
may be utiliZed by exemplary embodiments of the present 
invention When bu?fered memory modules 806 (e.g., the 
bulfer device is included Within the memory module 806) 
are in communication With the memory controller 802. This 
memory structure includes a memory controller 802 in 
communication With one or more memory modules 806 via 
a high-speed point-to-point bus 804. Each bus 804 in the 
exemplary embodiment depicted in FIG. 8 includes approxi 
mately ?fty high-speed Wires for the transfer of address, 
command, data and clocks. By using point-to-point busses 
as described in the aforementioned prior art, it is possible to 
optimize the bus design to pen-nit signi?cantly increased 
data rates, as Well as to reduce the bus pincount by trans 
ferring data over multiple cycles. Whereas FIG. 4 depicts a 
memory subsystem With a tWo to one ratio betWeen the data 
rate on any one of the busses connecting the memory 
controller to one of the bus converters (e.g., to 1,066 Mb/ s 
per pin) versus any one of the busses betWeen the bus 
converter and one or more memory modules (e.g., to 533 
Mb/s per pin), an exemplary embodiment of the present 
invention, as depicted in FIG. 8, provides a four to one bus 
speed ratio to maximiZe bus efficiency and minimiZe pin 
count. 

[0035] Although point-to-point interconnects permit 
higher data rates, overall memory subsystem ef?ciency must 
be achieved by maintaining a reasonable number of memory 
modules 806 and memory devices per channel (historically 
four memory modules With four to thirty-six chips per 
memory module, but as high as eight memory modules per 
channel and as feW as one memory module per channel). 
Using a point-to-point bus necessitates a bus re-drive func 
tion on each memory module, to permit memory modules to 
be cascaded such that each memory module is intercon 
nected to other memory modules as Well as to the memory 
controller 802. 

[0036] FIG. 9 depicts a memory structure With cascaded 
memory modules and unidirectional busses that are utiliZed 
by exemplary embodiments of the present invention if all of 
the memory modules 806 are bu?fered memory modules 
806. One of the functions provided by the memory modules 
806 in the cascade structure is a redrive function to send 
signals on the memory bus to other memory modules 806 or 
to a memory controller 802. FIG. 9 includes a memory 
controller 802 and four memory modules 806a, 806b, 8060 
and 806d, on each of tWo memory busses (a doWnstream 
memory bus 904 and an upstream memory bus 902), con 
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nected to the memory controller 802 in either a direct or 
cascaded maimer. Memory module 80611 is connected to the 
memory controller 802 in a direct maimer. Memory modules 
806b, 8060 and 806d are connected to the controller 802 in 
a cascaded maimer. 

[0037] An exemplary embodiment of the present inven 
tion includes tWo uni-directional busses betWeen the 
memory controller 802 and memory module 806a (“DIMM 
#1”) as Well as betWeen each successive memory module 
806b-d (“DIMM #2”, “DIMM #3” and “DIMM #4”) in the 
cascaded memory structure. The doWnstream memory bus 
904 is comprised of tWenty-tWo single-ended signals and a 
differential clock pair. The doWnstream memory bus 904 is 
used to transfer address, control, data and error code cor 
rection (ECC) bits doWnstream from the memory controller 
802, over several clock cycles, to one or more of the memory 
modules 806 installed on the cascaded memory channel. The 
upstream memory bus 902 is comprised of tWenty-three 
single-ended signals and a differential clock pair, and is used 
to transfer bus-level data and ECC bits upstream from the 
sourcing memory module 806 to the memory controller 802. 
Using this memory structure, and a four to one data rate 
multiplier betWeen the DRAM data rate (e.g., 400 to 800 
Mb/s per pin) and the unidirectional memory bus data rate 
(e.g., 1.6 to 3.2 Gb/s per pin), the memory controller 802 
signal pincount, per memory channel, is reduced from 
approximately one hundred and tWenty pins to about ?fty 
pins. 

[0038] FIG. 10 depicts a front vieW of a buffered memory 
module 806 that is utiliZed by exemplary embodiments of 
the present invention. In exemplary embodiments of the 
present invention, each memory module 806 includes a 
blank card having dimensions of approximately six inches 
long by one and a half inches tall, eighteen DRAM positions, 
a multi-mode buffer device 1002, and numerous small 
components as knoWn in the art that are not shoWn (e.g., 
capacitors, resistors, EEPROM.) In an exemplary embodi 
ment of the present invention, the dimension of the card is 
5.97 inches long by 1.2 inches tall. In an exemplary embodi 
ment of the present invention, the multi-mode bulfer device 
1002 is located in the center region of the front side of the 
memory module 806, as depicted in FIG. 10. The synchro 
nous DRAMS (SDRAMS) 1004 are located on either side of 
the multi-mode bulfer device 1002, as Well as on the 
backside of the memory module 806, as depicted in FIG. 10. 
The con?guration may be utiliZed to facilitate high-speed 
Wiring to the multi-mode bulfer device 1002 as Well as 
signals from the bulfer device to the SDRAMs 1004. 

[0039] The DRAM package outline is a combination of a 
tall/narroW (i.e., rectangular) DRAM package and a short/ 
Wide (i.e., squarish) DRAM package. Thus con?gured, a 
single card design may accommodate either “tall” or “Wide” 
DRAM device/package combinations, consistent With his 
torical and projected device trends. Moreover, the bulfer 
device 1002 is rectangular in shape, thereby permitting a 
minimum distance betWeen high-speed package intercon 
nects and the DIMM tab pins, as Well as reducing the 
distance the high-speed signals must travel under the pack 
age to reach an available high-speed pin, When an optimal 
ground referencing stricture is used. 

[0040] As is also shoWn in FIG. 10, the location of a 
positioning key 810 (notch) is speci?cally shifted from the 
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midpoint of the length, 1, of the card 808 (With respect to 
prior generation models) in order to ensure the DIMM 
cannot be fully inserted into a connector intended for a 
different module type. In addition, the positioning key 
location also prevents reverse insertion of the DIMM, and 
alloWs for a visual aid to the end-user regarding proper 
DIMM insertion. In the example illustrated, the positioning 
key 810 is located betWeen pins 80/218 and 81/219. As such, 
the distance d, along the length, l, of the card 808 is larger 
than the distance d2. 

[0041] FIG. 11 is a block diagram of the high level logic 
?oW of a multi-mode buffer device 1002 utiliZed by exem 
plary embodiments of the present invention. The multi 
mode multi-mode buffer device 1002 may be located on a 
memory module 806 as described previously and/or located 
on a system board or card to communicate With unbulfered 

and registered memory modules. The blocks in the loWer left 
and right portions of the draWing (1124, 1128, 1130, 1134) 
are associated With receiving or driving the high-speed bus 
804. “Upstream” refers to the bus 902 passing information 
in the direction of the memory controller 802, and “doWn 
stream” refers to the bus 904 passing information aWay from 
the memory controller 802. 

[0042] Referring to FIG. 11, data, command, address, 
ECC, and clock signals from an upstream memory assembly 
(i.e., a memory module 806) or a memory controller 802 are 
received from the downstream memory bus 904 into a 
receiver module 1124. The receiver functional block 1124 
provides macros and support logic for the doWnstream 
memory bus 904 and, in an exemplary embodiment of the 
present invention includes support for a tWenty-tWo bit, 
high-speed, slave receiver bus. The receiver functional block 
1124 transmits the clock signals to a clock logic and distri 
bution functional block 1118 (e.g., to generate the foul to one 
clock signals). The clock logic and distribution frictional 
block 1118 also receives data input from the pervasive and 
miscellaneous signals 1110. These signals typically include 
control and setup information for the clock distribution 
PLL’s, test inputs for BIST (built-ill self-test) modes, pro 
grammable timing settings, etc. The receiver functional 
block 1124 transfers the data, command, ECC and address 
signals to a bus sparing logic block 1126 to reposition, When 
applicable, the bit placement of the data in the event that a 
spare Wire utiliZed during the transmission from the previous 
memory assembly. In an exemplary embodiment of the 
present invention, the bus sparing logic block 1126 is 
implemented by a multiplexor to shift the signal positions, 
if needed. Next, the original or re-ordered signals are input 
to another bus sparing logic block 1136 to modify, or reorder 
if necessary, the signal placement to account for any defec 
tive interconnect that may exist betWeen the current memory 
assembly and a doWnstream memory assembly. The original 
or re-ordered signals are then input to a driver functional 
block 1128 for transmission, via the doWnstream memory 
bus 904, to the next memory module 806 in the chain. In an 
exemplary embodiment of the present invention, the bus 
sparing logic 1136 is implemented using a multiplexor. The 
driver functional block 1128 provides macros and support 
logic for the doWnstream memory bus 904 and, in an 
exemplary embodiment of the present invention, includes 
support for the tWenty-tWo bit, high-speed, loW latency 
cascade bus drivers. 
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[0043] In addition to inputting the original or re-ordered 
signals to the bus sparing logic 1136, the bus sparing logic 
1126 also inputs the original or re-ordered signals into a 
doWnstream bus ECC functional block 1120 to perform 
en-or detection and correction for the frame. The doWn 
stream bus ECC functional block 1120 operates on any 
information received or passed through the multi-mode 
buffer device 1002 from the doWnstream memory bus 904 to 
determine if a bus error is present. The doWnstream bus ECC 
functional block 1120 analyZes the bus signals to determine 
if it they are valid. Next, the doWnstream bus ECC func 
tional block 1120 transfers the connected signals to a com 
mand state machine 1114. The command state machine 1114 
inputs the error ?ags associated With command decodes or 
con?icts to a pervasive and miscellaneous functional block 
1110. The doWnstream and upstream modules also present 
error ?ags and/or error data (if any) to the pervasive and 
miscellaneous functional block 1110 to enable reporting of 
these errors to the memory controller, processor, service 
processor or other en-or management unit. 

[0044] Referring to FIG. 11, the pervasive and miscella 
neous functional block 1110 transmits error ?ags and/or 
error data to the memory controller 802. By collecting error 
?ags and/ or error data from each memory module 806 in the 
chain, the memory controller 802 Will be able to identify the 
failing segment(s), Without having to initiate further diag 
nostics, though additional diagnostics may be completed in 
some embodiments of the design. In addition, once an 
installation selected threshold (e. g., one, tWo, ten, or tWenty) 
for the number of failures or type of failures has been 
reached, the pervasive and miscellaneous functional block 
1110, generally in response to inputs from the memory 
controller 802, may substitute the spare Wire for the segment 
that is failing. In an exemplary embodiment of the present 
invention, error detection and correction is performed for 
every group of four transfers, thereby permitting operations 
to be decoded and initiated after half of the eight transfers, 
comprising a frame, are received. The en-or detection and 
correction is performed for all signals that pass through the 
memory module 806 from the doWnstream memory bus 904, 
regardless of Whether the signals are to be processed by the 
particular memory module 806. The data bits from the 
connected signals are input to the Write data buffers 1112 by 
the doWnstream bus ECC functional block 1120. 

[0045] The command state machine 1114 also determines 
if the connected signals (including data, command and 
address signals) are directed to and should be processed by 
the memory module 806. If the collected signals are directed 
to the memory module 806, then the command state machine 
1114 determines What actions to talk and may initiate 
DRAM action, Write buffer actions, read buffer actions or a 
combination thereof. Depending on the type of memory 
module 806 (buffered, unbulfered, registered), the command 
state machine 1114 selects the appropriate drive character 
istics, timings and timing relationships. The Write data 
buffers 1112 transmit the data signals to a memory data 
interface 1106 and the command state machine 1114 trans 
mits the associated addresses and command signals to a 
memory command interface 1108, consistent With the 
DRAM speci?cation. The memory data interface 1106 reads 
from and Writes memory data 1142 to a memory device. 

[0046] Data signals to be transmitted to the memory 
controller 802 may be temporarily stored in the read data 








